We introduce the Lomonosov suite of high-resolution N-body cosmological simulations covering a full box of size 32 h −1 Mpc with low-mass resolution particles (2 × 10 7 h −1 M ) and three zoom-in simulations of overdense, underdense and mean density regions at much higher particle resolution (4 × 10 4 h −1 M ). The main purpose of this simulation suite is to extend the concentration-mass relation of dark matter halos down to masses below those typically available in large cosmological simulations. The three different density regions available at higher resolution provide a better understanding of the effect of the local environment on halo concentration, known to be potentially important for small simulation boxes and small halo masses. Yet, we find the correction to be small in comparison with the scatter of halo concentrations. We conclude that zoom simulations, despite their limited representativity of the volume of the Universe, can be effectively used for the measurement of halo concentrations at least at the halo masses probed by our simulations. In any case, after a precise characterization of this effect, we develop a robust technique to extrapolate the concentration values found in zoom simulations to larger volumes with greater accuracy. All together, Lomonosov provides a measure of the concentration-mass relation in the halo mass range 10 7 −10 10 h −1 M with superb halo statistics. This work represents a first important step to measure halo concentrations at intermediate, yet vastly unexplored halo mass scales, down to the smallest ones. All Lomonosov data and files are public for community's use.
dark matter particle decay or annihilation (Baltz et al. 2000; Koushiappas et al. 2004; Diemand et al. 2005; Baltz et al. 2007; Pieri et al. 2008; Ackermann et al. 2012; Mirabal et al. 2012; Zechlin & Horns 2012; Berlin & Hooper 2014; Bertoni et al. 2015; Schoonenberg et al. 2016; Hütten et al. 2016) or distortions in stellar velocity distribution (Carlberg et al. 2012; Feldmann & Spolyar 2015; Carlberg 2015; Ibata et al. 2016) . Low-mass halos may also have an important impact on future observations of reionization processes (Iliev et al. 2002; Ciardi & Ferrara 2005) . Therefore, a precise characterization of the statistical and structural properties of lowmass halos, such as their mass spectrum or density profiles, is needed in order to make accurate predictions for future studies and to drive their search. Also, a better knowledge of the low-mass halo population will potentially help in refining the estimates for the so-called substructure boost factor to dark matter annihilation signals, whose exact value can largely impact the identification of the best astrophysical targets for dark matter searches (Bergstrom et al. 1999; Stoehr et al. 2003; Lavalle et al. 2008; Kuhlen et al. 2008; Anderhalden & Diemand 2013a; Sánchez-Conde & Prada 2014; Ishiyama 2014a; Zavala & Afshordi 2016; Moliné et al. 2017) . Finally, by studying the smallest halo mass scales we will be testing fundamental aspects of the underlying cosmological model.
Dark matter halos in simulations are usually characterized by a spherical density profile, fitted by a NavarroFrenk-White (NFW) formula (Navarro et al. 1997) . This description of the density distribution has two parameters, i.e., halo virial mass and concentration parameter. The latter is defined as c ≡ Rvir/rs, where rs is a scale radius that, in the case of NFW, sets the transition from r −1 to r −3 in the profile. Other fits different from NFW are often used to describe density profiles of halos as well, e.g. the Einasto profile (Einasto 1965; Navarro et al. 2004; Gao et al. 2008; Dutton & Macciò 2014) .
2 Analysis of parameters of millions of halos has shown that, for a fixed mass and redshift, halos populate only a certain range of concentrations. A dependency of halo median concentration on mass and redshift is found (Navarro et al. 1997; Bullock et al. 2001a; Eke et al. 2001; Wechsler et al. 2002; Zhao et al. 2003; Neto et al. 2007; Gao et al. 2008; Zhao et al. 2009; Muñoz-Cuartas et al. 2011; Klypin et al. 2011; Prada et al. 2012; Ludlow et al. 2014; Diemer & Kravtsov 2015; Klypin et al. 2016) .
The behavior of concentrations for intermediate-mass halos of around 10 9 -10 14 M is well known, while analyzing concentrations at lower and higher masses remains a computational challenge. At the highest mass end, halos are very rare (the mass function is nearly exponential), thus large simulation boxes are needed while also having high enough resolution to measure concentrations (see, however, e.g., Klypin et al. (2016) for recent results). Simulating lowmass (< 10 9 h −1 M ) halos using a single test particle mass across the simulation box results in a small box size that becomes much smaller than the typical homogeneity scale of the large-scale structure of the Universe, ∼100 h −1 Mpc. Also, at low redshifts, nonlinear effects come to play in a small box (Bagla & Ray 2005) . Zoom-in simulations are used to partially solve this problem. They do not suffer from nonlinearity; yet, the issue of "representativity" in the simulated volume remains. The concentration of halos is expected to depend on the local environment from theory using simple considerations (e.g., Wechsler et al. (2002) ), as the concentration reflects the density of the Universe at the time and place of halo formation. This effect was observed to be quite weak in the early simulations using small boxes to access low mass halos (e.g., Macciò et al. (2007) ), but is found to be significant in more recent works (e.g., Lee et al. (2017) ). This means that neglecting the representativity problem in the study of halo concentrations at small mass scales is not possible.
The problem of representativity has been solved in the past, e.g., by computing the number density fluctuations of minihalos at the epoch of reionization (Barkana & Loeb 2004; Zahn et al. 2007; Santos et al. 2008; Alvarez et al. 2009; Mesinger et al. 2011; Ahn et al. 2015) . The solution involved, first, a quantification of the so-called halo bias (dependency of halo number density on the local environment density) and, then, the generation of a coarse large-scale density distribution which was later filled with halos according to the earlier found bias. In this paper, we will use a similar approach to extrapolate halo concentrations found in small simulated volumes to larger ones.
Current progress in establishing the concentration-mass relation for low-mass halos can be summarized as follows. There are a few simulations available of the first halos that were formed in the early Universe, i.e those with masses just above the low-mass cut-off in the halo mass function. In particular, the latter was set to ∼ 10 −6 M in all these simulations, being the typical masses of the microhalos ∼ 10 −6 − 10 −3 M (Diemand et al. 2005; Anderhalden & Diemand 2013a; Ishiyama 2014a) . The simulations were performed in tiny boxes of size 30-400 pc and they all stop at very early redshifts, z ∼ 30. In addition, already at much larger halo masses of the order of 10 7 − 10 9 M , a few halo concentration values were obtained by Sánchez-Conde & Prada (2014) as a by-product from high resolution zoom-in simulations of a Milky Way-like object (Diemand et al. 2008a) . Finally, there are also a few high-resolution simulations of dwarf-like objects at slightly larger masses but still below 10 10 M (Colín et al. 2004; Ishiyama et al. 2013; Hellwing et al. 2016 ). In short, there are no halo concentration results yet in the range ∼ 10 −3 − 10 7 M while for 10 7 − 10 9 M the statistics is not very representative. See Sánchez-Conde & Prada (2014) for a full discussion of current results.
The purpose of this paper is to start filling the aforementioned gap in the results on halo concentrations, ∼ 10 −3 − 10 7 M . As a first step, we populate the 10 7 − 10 9 M halo mass range with much better statistics than currently available using the Lomonosov new suite of cosmological simulations. We do so by performing new several zoom-in simulations representative of different kinds of local environments. We complement them with data from the Small MultiDark Planck cosmological simulation (SMDP) at larger halo masses (Klypin et al. 2016) . Building upon that gained from the analysis of these simulations, we then develop a robust method of extrapolating the zoom-in con- centration results to the full simulation volume with enough confidence. We share our results with the community by making the most relevant simulation data of this study publicly available. This includes simulation snapshots, halo catalogs and concentration values. We refer the interested readers to the Skies and Universes website 3 in order to access this material. The paper is organized as follows. We describe the new set of Lomonosov simulations in section 2, providing full technical details of how they were ran and analyzed. In section 3 we perform the measurement of halo concentrations in the new simulations and study its dependence with the local environment. We analyze data from Small MultiDark Planck box in this section too, which provides us with additional clues on this effect. We then correct the Lomonosov zoomin halo concentration results by the effects of environment by proposing and applying our extrapolation technique in section 4, and put the Lomonosov concentration values into a more general context in this same section. We conclude with summarizing our main findings in section 5.
THE LOMONOSOV SIMULATIONS AND HALO SELECTION
The Lomonosov suite consists of four dark-matter-only simulations run at the Lomonosov supercomputer of the Moscow State University computer center. 4 The box size of each simulation is 32 h −1 Mpc, all sharing the same Planck cosmological parameters (Planck Collaboration et al. 2014) , i.e. ΩΛ = 0.692885, Ωm = 0.307115, h = 0.6777, σ8 = 0.8288, ns = 0.9611. The initial conditions were prepared using the massively-parallel zoom ginnungagap public code.
5 The simulations were then run using the public version of GADGET-2 6 (Springel 2005) starting from redshift zinit = 99 and adopting a total matter (DM+baryons) initial power spectrum from CAMB 7 . A first, low-resolution simulation was run for the full box with 512 3 particles (L512). The three other highresolution simulations correspond to three different zoom regions of this box with an effective resolution of 4096 3 particles. This gives a mass resolution of 4 × 10 4 h −1 M . The size of each of the zoom regions was limited by computer time to about 5 × 10 8 particles. The regions were chosen to represent three different types of large-scale environment: a region with approximately the mean density (L4km), a void (L4ku) and an overdense region (L4ko).
The most relevant parameters of the four simulations and corresponding zoom regions are given in Table 1 . Simulation snapshots, halo catalogs and concentration values as well as images and video visualization of the simulations can be found at the Skies and Universes website.
8 Simulation snapshots were produced at redshifts 1, 1.22, 2, 3, 4, 5, 7, 9, 15, 19 . The minimal redshift of the simulations was set to one in order to reduce artefacts due to box periodicity.
We use the Rockstar halo finder (Behroozi et al. 2013 ) to select halos, and define their masses, M200, as those corresponding to spherical overdensities equal to 200 times the critical density, including all particles (bound plus unbound). The corresponding radius enclosing M200 is the halo virial radius, R200. Inside the zoom regions, we select only those halos which are located at least 0.5 h −1 Mpc far from the boundary of the region, and check that halos do not contain high-mass (i.e., low-resolution) particles. We refer the reader to Appendix A for details on the Rockstar setup.
MEASUREMENT OF LOMONOSOV HALO CONCENTRATIONS
For the analysis of the concentration of halos in the Lomonosov simulations, we select all distinct halos with more than 250 particles 9 and adopt the method described in Klypin et al. (2011); Prada et al. (2012) to measure concentrations. To do so, we measure Vmax, the maximal circular velocity, and V200, the circular velocity at the virial radius. Then, we solve the following equation for each halo to find the concentration, c200:
Note that the equation (1) implicitly adopts an NFW density profile for the Lomonosov halos. Furthermore, we use all distinct halos found in the simulations, i.e. we do not apply any relaxation criteria or take subhalos. First, we check for consistency of our simulation results with those found in previous works. The concentrationmass relation, c(M ), for the Lomonosov simulations at z = 1, 2, 5 is shown in Fig. 1 . We find a systematic ∼5-10% disagreement with the concentration results found in the suite of MultiDark cosmological simulations at larger masses (Klypin et al. 2016 ). We note that this level of disagreement is nevertheless comparable to the precision of the fit to MultiDark c(M ) data (see Klypin et al. (2016) ). Most notably, from Fig. 1 it can be seen that there is a significant difference in concentrations between L4ko, L4km and L4ku simulations at z = 1, i.e., c(M ) is indeed sensitive to the density of the environment (see also, e.g., Fig. 5 in Lee et al. (2017) ). Due to the way these zoom regions were selected, with overdensities of 0.37, 1.02 and 2.15 times the mean density of the L512 box, respectively, one could expect the median c(M ) averaged over the full box to reside somewhere in between the concentration results for L4ko and L4ku, and, probably, close to L4km. This effect will need to be quantified in detail, as one of our goals is to explore the c(M ) relation down to very small massessince one cannot simulate the full box -and we find that different zoom regions exhibit different c(M ) relations. Only then it will be possible to extrapolate halo concentrations as measured in zoom regions to larger volumes with enough confidence.
In order to characterize the large-scale density field, we compute the density in cells using the cloud-in-cell (CiC) approach from the particle data of the L512 full box simulation. We then extract the density at each halo position using the same CiC approach. We use cells of size 8, 4, 2 and 1 h −1 Mpc. It must be noted that the existence of a massive halo inside a cell restricts the minimal density that this can have. Indeed, for large halos, the CiC method does not retrieve the overdensity of the environment but the overdensity of the halo itself. On the other hand, the larger is the cell size, the less are the deviations from the mean density. This is illustrated in Figure 2 . We use 2 h −1 Mpc cells for the subsequent analyses as a good compromise to maximize the range of overdensities that we are going to probe for halos with masses 10 11 h −1 M . It can be seen in Figure 2 that for cell sizes of 0.5 or 1 h −1 Mpc the minimal overdensity is ≥ 1.0 for ∼ 10 11 h −1 M halos, and, while for cell sizes Min. overdensity Figure 2 . Minimum cell overdensity in which a halo could be found vs. its mass for different cell sizes:
of 4 or 8 h −1 Mpc the curves are much flatter, at ∼ 10 10 h −1 M the minimal overdensity is higher than in the case of 2 h −1 Mpc cells. Next, we group all halos in the full Lomonosov suite (i.e., the four simulations) into 30 equal logarithmic bins of M200 between 10 7 and 10 13 h −1 M and 50 logarithmic bins of concentration between 2 and 80. The obtained concentration-mass-density relation for Lomonosov halos is depicted in the left panel of Fig. 3 . This figure shows that at low halo masses, for which there is a proper coverage of overdensity values in our simulations, 10 less concentrated halos inhabit less dense regions and vice-versa, in good agreement with what it has been found in previous work (Lee et al. 2017) but confirmed now at even lower halo masses thanks to Lomonosov data. Also, halos with typical concentrations (i.e., close to the median) seem to populate the least dense regions at a fixed mass. At the same time, as expected, the environment density for typical halos is observed to grow with halo mass.
In order to test the effect of numerical resolution on the measurements of concentration dependence on mass and environment overdensity, we repeat the same analysis for two simulations: the SMDPL simulation (Klypin et al. 2016 ) and VSMDPL 11 . SMDPL (Small MultiDark Planck) has a box size of 400 h −1 Mpc and a mass resolution comparable to that of L512 (10 8 h −1 M ). VSMDPL (Very Small MultiDark Planck) has a box size of 160 h −1 Mpc and particle mass 6.2 × 10 6 h −1 M . Both simulations use the same cosmological parameters as Lomonosov. As before, we use CiC density assignment with cell sizes of 1, 2 and 4 h −1 Mpc to characterize the density field. The results for both VS-MDPL and SMDPL are shown in Fig. 3 . The analysis of these results gives us more clues on the dependency of halo concentration on the environment, and allows us to confirm with greater confidence our findings in Lomonosov data discussed above.
In particular, one can see from the top right panel of 3 (VSMDPL) that, for halos with masses below ∼ 3 × 10 11 h −1 M , the most highly concentrated halos (which amounts to 3% of all halos) typically inhabit overdense regions. Halos with median concentrations and below inhabit regions with median overdensity close to the mean density of the Universe. Interestingly, the median overdensity for halos with concentrations below the median starts to slowly increase when the concentration decreases. To make this more clear, we plot in Fig. 3 the position of the local minimum of overdensity (white lines). For masses below ∼ 3 × 10 11 h −1 M this minimum roughly coincides with the median concentration. This demonstrates that the concentration of low mass halos is connected with overdensity in a complex way, and the environmental effects are important for measuring these concentrations. The comparison of the results of SMDPL and VSMDPL simulations in the same mass range but with different numerical resolution allows us to conclude that for the halos with more than 1000 particles the described above trends are real and not mere artefacts.
HALO CONCENTRATION-MASS RELATION
Our study of the impact of the environment on the concentration-mass relation in the zoom simulations allows us to reliably extrapolate the zoom simulation results to the full box by applying an appropriate correction. We follow the next steps:
(i) We define four mass bins with edges [10 7 , 3 × 10 7 , 10 8 , 10 9 , 10 10 ] h −1 M . (ii) For each mass bin we make a 2D histogram of halo overdensities (as defined in Section 3) and logarithm of concentrations.
(iii) We multiply the number of haloes in each overdensity bin by a volume correction factor, defined as below, and sum the result over all density bins to achieve the corrected 1D distribution of concentrations.
(iv) We find the median of this binned concentration distribution by making a cumulative sum of it and using a linear interpolation to find the 50 percentile level.
The volume correction factor is computed in the following way. We place test particles on a uniform grid with cell size of 0.32 h −1 Mpc. We measure CiC densities on the coarser 2 h −1 Mpc cell-size grid described in Section 3 for each test particle and group them into bins of density. The volume correction factor for a given density bin is the ratio between the number of test particles in this bin belonging to the full box and the number of those belonging only to the zoom regions. We test our method of extrapolation in several ways, and refer the interested reader to Appendix B for results on our validation tests.
The corrected concentrations are presented in Table 2 together with the uncorrected concentrations originally measured in each zoom simulation volume.
12 The mean corrections we found with respect to the measured concentrations in the 10 7 −10 9 h −1 M halo mass range are −0.012, −0.011 and 0.03 for the mean density simulation, the overdense region, and the underdense region, respectively. We note that in all cases the correction is small in comparison with the scatter of halo concentrations. This allows us to conclude that zoom simulations, despite their limited representativity of the volume of the Universe, can be effectively used for the measurement of halo concentrations at low halo masses. Fig. 4 summarizes our results for the concentrationmass relation obtained from Lomonosov. In the same figure, we also put the Lomonosov simulation results into a more general context by comparing them against results from other simulations available at different halo mass scales (Colín et al. 2004; Diemand et al. 2005; Diemand et al. 2008b; Ishiyama et al. 2013; Anderhalden & Diemand 2013b; Sánchez-Conde & Prada 2014; Ishiyama 2014b; Hellwing et al. 2016; Klypin et al. 2016) . The figure resembles a similar previous compilation by Sánchez-Conde & Prada (2014) , this time including Lomonosov findings. More precisely, we depict L512 concentration values and 1σ-error bars (haloto-halo variations), together with Lomonosov zoom regions concentrations obtained by applying the method described above to correct for environmental effects. We also include in the same figure halo concentration values found in other works from the smallest ∼10 −6 h −1 M microhalos up to the largest galaxy-cluster-size structures with masses of about ∼10 15 h −1 M . Whenever needed, simulation results were scaled down to present time by multiplying their concentration values by [H(z)/H(0)] 2/3 . We note that this differs from the most commonly adopted (1 + z) correction factor, also used in Sánchez-Conde & Prada (2014) . The new correction factor more accurately accounts for the effect of the dark energy at late times, significantly reducing halo concentration with respect to that originally shown in Fig.1 of Sánchez-Conde & Prada (2014) in some cases, and it has been derived within the framework of the model proposed by Macciò et al. (2008) to evolve halo concentrations in a −3 -10 7 h −1 M . We remind that filling this gap with new simulation data is one of our ultimate goals, and this work represents a first important step in this direction. Remarkably, Lomonosov provides the best halo statistics to date in the range ∼10 7 -10 9 h −1 M . Indeed, each of the Lomonosov concentration data points shown in Fig. 4 refer to a few hundred to several thousand halos, while the other few points previously existing in this same mass range, also shown in the figure, were derived at most from only a few dozen halos each (Colín et al. 2004; Ishiyama et al. 2013; Sánchez-Conde & Prada 2014 ). In the high-mass end of our Lomonosov simulations, i.e. above 10 9 h −1 M , the halo statistics is still good enough to allow for some meaningful overlap and direct comparison with results from the MultiDark suite (Klypin et al. 2016) . We also note that the halo-to-halo scatter of Lomonosov concentrations is of the same order of the one found in previous works, of about 0.10 dex.
It is remarkable the good agreement among the different simulation data sets within the involved uncertainties. We also confirm, once again, the excellent agreement of simulation data with the semi-analytical c(M ) model of Prada et al. (2012) , initially calibrated for the WMAP7 cosmology and then recently updated to the Planck cosmology in Klypin et al. (2016) . We recall that this c(M ) model is deeply rooted in the ΛCDM cosmological framework itself by making a full correspondence between dark matter halo concentrations and the r.m.s. of matter fluctuations. We note that, in order to show the c(M ) relation given by this model all the way down to 10 −7 h −1 M , i.e. the minimum halo mass shown in Fig. 4 , we first computed the r.m.s. of matter fluctuations directly from the matter power spectrum that was used to generate the MultiDark simulations 13 and, then, we used this r.m.s. of matter fluctuations to derive halo concentrations by adopting the relationship found between these two quantities in Klypin et al. (2016) (their equation (25)). The agreement between data and model is present at all simulated halo mass scales, including a new confirmation of the flattening of the c(M) relation at masses below ∼10 10 h −1 M . Indeed, we observe a clear departure from the simple power-law behaviour that has been tradi- 
CONCLUSIONS
In this work, we have introduced the new Lomonosov simulation suite consisting of one moderate resolution full box simulation, with box size 32 h −1 Mpc, and three high resolution zoom-in re-simulations of overdense, underdense and mean density regions within the same box. The main purpose of the simulations is to allow for accurate measurements of dark matter halo concentrations at masses below those typically achievable in large cosmological simulations. We focus on the 10 7 -10 10 h −1 M halo mass range. Achieving the high resolution that is required to resolve well low-mass halos results in a simulated volume that is much smaller than the typical volume needed to ensure Universe homogeneity. This fact may distort the halo median concentration values found in simulations, since concentration is known to depend on the local environment density (e.g. Lee et al. (2017) ). We solve the potential issue of measuring halo concentrations in small-volume high-resolution simulations by simulating the three mentioned different regions covering a large enough range of densities around the mean density of the Universe.
We confirm the dependency on local environment by making use of data not only from our Lomonosov simulations, but also from the Small MultiDark Planck (Klypin et al. 2016) and Very Small MultiDark Planck simulations 14 . Indeed, we find the concentration of low-mass halos to depend on the density of the environment (Fig. 3) , less concentrated halos inhabiting less dense regions and viceversa. Yet, we find its impact on concentration values to be small in comparison with the scatter of halo concentrations. We conclude that zoom simulations, despite their limited representativity of the volume of the Universe, can be effectively used for the measurement of halo concentrations, at least at the halo masses probed by our simulations.
Despite the effect of environment on concentration being subdominant, we develop a novel technique to correct and extrapolate our concentration measurements in these zoom-in simulations to the whole volume with greater accuracy. The final Lomonosov concentration results at z = 0 are shown in Fig. 4 and extend down to 10 7 h −1 M with good confidence and superb halo statistics. We find an excellent agreement of Lomonosov concentration values with the c(M ) model proposed by Prada et al. (2012) , later updated by Klypin et al. (2016) for the Planck cosmology. Indeed, the combination of Lomonosov data with, very especially, data from the MultiDark simulations at larger halo masses allows us to confirm once again the flattening in the c(M) relation that was expected to occur below ∼ 10 10 h −1 M (Sánchez-Conde & Prada 2014) .
This work represents a first important step to measure halo concentrations at intermediate, yet vastly unexplored halo mass scales, down to the smallest ones. Now, we possess a powerful, fully developed and tested technique to reliable extrapolate halo concentrations from small volumes up to meaningful ones. In the future, we plan to apply this technique to new high-resolution simulations in order to measure halo concentrations at even smaller scales than those probed in this work. Note that by learning about the key structural properties of low-mass dark matter halos we will be also testing fundamental ΛCDM predictions for these objects in greater detail. Also, our findings will be particularly relevant for the dark matter search community as it will allow for a more precise calculation of dark matter particle annihilation fluxes (e.g. Conrad et al. (2015) ; Moliné et al. (2017) ).
All Lomonosov data and files are now public for community use and can be easily accessed via the Skies and Universes website.
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APPENDIX B: VALIDATION TESTS OF CONCENTRATION EXTRAPOLATIONS
First, we check for convergence of the measured concentration values by selecting optimal bin sizes and uniform grid size. We find that we need of the order of 100 cells in each spatial dimension, see Fig. B1 . As for the number of bins needed to properly build 2D histograms of overdensity and concentration, like those of Fig. 3 in the main text, it can be seen from Figs. B2, B3 that ∼20 bins for both concentration and overdensity are already enough. We noticed that the full box simulation has cells reaching overdensities up to δ > 10 while in our zoom regions this upper value is limited to δ ∼ 5. Since the correction factor is observed to grow as the overdensity increases, it may be possible that the high-density regions that are missing in the zoom simulations could be actually important in the derivation of the actual value of the correction factor. To check this, we vary the upper overdensity edge in our extrapolation method and find that it has a very small impact, see Fig. B4 ; thus no additional correction is needed here. The impact of varying the lower overdensity edge seems to be more relevant, see Fig. B5 , yet the coverage of low overdensity values in the zoom simulations is almost full. This means that the diversity of different kinds of environment is sufficient in our zoom simulations for a correct extrapolation of halo concentrations to the full box.
Finally, we check our method by comparing the extrapolated median concentration to that of the full box in the overlapping mass range where the L512 simulation still has enough resolution and the zoom simulations still yield a decent statistics (110 halos), i.e. 5 × 10 9 -10 10 h −1 M . The extrapolated value we get in this mass range is 6.95, very close to the value of 6.90 we measure in the full box (even too good given the low halo statistics).
We show partial results of the volume correction procedure in Fig. B6 . In this Figure, histograms of overdensities are shown for the four considered mass bins before and after applying the correction. For comparison, overdensity histograms from the mean overdensity zoom simulation are also shown. Figure B6 . Distribution of halo overdensity for four mass bins, i.e., [10 7 , 3 × 10 7 , 10 8 , 10 9 , 10 10 ] h −1 M . From darker to lighter gray tones, lines correspond to larger and larger halo masses. Solid lines represent the volume-corrected distributions; dashed lines are those found when the three zoom regions are used together; dot-dashed are from the mean overdensity zoom region only (L4km simulation).
APPENDIX C: VMAX /V200 FOR LOW MASS HALOS
In Table C1 , we provide the corrected median Vmax/V200 and 1σ scatter for the four considered Lomonosov halo mass bins.
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